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Particle Physics

• Investigates the structure of matter by

• Colliding elementary particles

• Detecting collision products 

• Describes structure of matter using 
mathematical concepts: Standard 
Model

• Higgs: concept to describe mass 
of particles

• not discovered yet ➠ LHC
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LHC and CMS
• Large Hadron Collider at CERN, 

Geneva, Switzerland

• Proton-Proton collisions

• Beam energy:   7   Terra Electron 
Volts

• Circumference: 27 km
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• Compact Muon Solenoid:

• One of 4 particle collision 
detectors at the LHC

• Width: 22m, Diameter: 15m

• Weight: 14,500 t
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CMS Data Analysis
• Physicist investigate every collision 

individually to analyze its physics 
content

• 150 collisions per second are recorded 
by the detector

• Collisions are stored in form of events

• Events contain all detector and derived 
information 
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Data recording:
1.8 MB/ev.

Simulation:
2.5 MB/ev.

• Estimated number of 
recorded and simulated 
events 

• 2007: 300 million

• 2008:     3 billion

• Peta-scale data volumes

• 2007:   640 TeraByte

• 2008: 6400 TeraByte
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CMS Tier Structure
•Analysis of CMS data 

is location driven

• “Job is sent where 
the data is stored.”

• CMS follows GRID 
approach to distribute 
data storage and 
processing world-
wide
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7 Tier 1

• data 
recording

•Recorded and 
simulated events

•Distributed 
across all Tier 1 
centers

•Tier 1 main 
function:

•Store events on 
tape for backup

•Provide access 
to events

• For extraction 
of sub-samples 
of analysis 
interests

~25 Tier 2

•Extracts of 
recorded and 
simulated 
events

•Distributed 
between 
Tier 2 
centers 
(several 
replicas)

•Tier 2 main 
function:

•Provide 
access to 
events

•for user 
analysis
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Global Data Access
• Equal fair share access for all CMS 

users

• User tool: CMS Remote Analysis 
Builder

• Global Data Discovery Services:

• Data Bookkeeping Service

• Dataset Location Service

• GRID submission:

• EGEE resource broker submission 
to all centers

• OSG Condor-G submission to 
OSG T2
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Infrastructure Performance
• Automated test 

of analysis 
infrastructure

• Goal:

• 12,500 analysis 
jobs per day

• Reached and 
sustained over 
days

• Shown example 
day: 15,529 jobs
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Summary & Outlook

•CMS Global Analysis 
provides all CMS users with 
access to peta-scale data 
volumes

•distributed world-wide

•accessible via GRID 
structure

•Infrastructure achieves 
current performance goals 
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58 Chapter 3. Physics Studies with Muons
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Figure 3.9: (Left) Example of the shapes of the different contributions to fsb. (Right) Data-like
distribution expected for a Higgs boson signals of mH = 250 GeV/c2, for an integrated lumi-
nosity of 30 fb−1, together with the result of the fit (solid line) and the expected background
(shaded area). This pseudo-experiment is selected randomly.

this error around 170 GeV/c2 is due to the smaller signal statistics caused by the suppression
of the H → ZZ(∗) decay at this mass. The increasing uncertainty at higher masses is due to
the smaller production cross sections, the larger intrinsic width of the Higgs boson and, to a
lesser extent, the worse resolution for high pT muons.

The number of signal and background events is obtained from the fit. The relative error
in the cross-section measurement is determined from the number of signal events (Ns) and
its statistical uncertainty (∆Ns) as ∆Ns/Ns, shown in Figure 3.11 (left) as function of the
Higgs boson mass. The contribution of the background is properly taken into account, as
its normalisation is a free parameter in the fit. The cross section can be determined with a
precision between 20% and 45%, except for masses below 130 GeV/c2, where the statistics is
low.

The measured width, together with its statistical error, is presented in Figure 3.11 (right) as
function of the true mass. The width can be determined with an error between 35% and
45% above 190 GeV/c2. Below this mass there is no sensitivity to the Higgs boson width and
upper limits at 95% confidence level (C.L.) are set. For the sake of comparison, the width
obtained by fitting only a Gaussian for masses below 200 GeV/c2 and only a Breit-Wigner for
masses above 200 GeV/c2 is also shown, together with the statistical uncertainty. The Breit-
Wigner-only fits do not take into account the detector resolution, and therefore the intrinsic
theoretical values are not recovered.

The measurement of the parameters is affected by systematic uncertainties in the muon mo-
mentum resolution (determined from data), in the muon reconstruction efficiency (around
2%) and those associated to the selection cuts (close to 1%) [51]. These systematic uncer-
tainties are mostly uncorrelated. The impact in the measured mass and width is small. The
cross-section measurement is also affected by the uncertainty in the luminosity determina-
tion, which is around 3% (Figure 3.11 (left)).


